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Introduction
Imidazoles are important heterocycles occurring in natural compounds, 1 antifungal drugs 2 and many other artificial substances with a variety of other biological activities, applicable in medicinal chemistry and pharmacology, 3, 4, 5, 6 as well as in material science, 7, 8, 9 catalysis 9, 10, 11 or the preparation of ionic liquids. 12 Numerous methods for the synthesis of imidazoles have been designed, starting from the first Debus 13 and Radzisewski 14 syntheses up to their latest convergent annulations, 15, 16 and several pertinent reviews have appeared. 17, 18, 19, 20 Recently, a photochemical one-pot three-component synthesis of tetrasubstituted imidazoles has appeared. 21 The multicomponent Debus-Radzisewski imidazole synthesis is still attracting strong interest in view of improving and simplifying the procedure, including its catalysis. 22, 23, 24, 25, 26, 27 In particular, InCl 3 , due to its non-toxic nature, low heterophilicity and compatibility with both organic and aqueous media, has emerged as a prominent Lewis acid catalyst in organic synthesis, including multicomponent reactions at room temperature. 28 As such, a one-pot, four component synthesis of 1,2,4,5-tetrasubstituted imidazoles catalyzed by InCl 3 ·3H 2 O has been shown to work efficiently in methanol at room temperature with 1,2-dicarbonyl compounds of the benzil type, primary amines, ammonium acetate and aromatic aldehydes. 24 This contribution evaluates the convenience of using the published procedure for the synthesis of 1-glycosylmethylated imidazoles as a novel group of carbohydrate mimetics from stable sugar primary amines, formaldehyde, ammonium acetate and also from 1,2-dicarbonyl compounds other than those of the benzil type.
Results and discussion
Optimized conditions for the four component one pot reaction concerning the reaction solvent and the amount of catalyst 24 were chosen for all the synthetic experiments here. The starting C-glycosyl methylamines are available in three steps from the parent aldoses via nitromethane addition, followed by thermally induced eliminative anhydrization of the obtained 1-deoxy-1-nitroalditols, 29, 30 and final electron-transfer reduction of the resulting glycosyl nitromethanes. 31, 32, 33 Stirring a methanolic solution of equimolar amounts of sugar 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   3 amine 1a, benzil (2, R 1 = R 2 = Ph), formaldehyde, and ammonium acetate, with addition of a 0.1 molar equivalent of InCl 3 , at rt for 48 h, followed by purification of the reaction mixture by flash chromatography, afforded the expected 1,4,5-trisubstituted imidazole 5a in 50% yield (Table 1) . 1,4,5-Trisubstituted imidazoles 5b-5f were prepared similarly, using the corresponding sugar amines 1b-1f, and were isolated in 48-55% yields. In addition to these products and unreacted benzil, the reaction mixtures also contained some more polar compounds on TLC. Apparently, formaldehyde and glycosyl methylamines as the most reactive species in the reaction mixture produced 1,3-oxazinane and/or 1,3,5-triazine side products, analogous to those produced from formaldehyde and simpler aminoalcohols. 34, 35, 36 This was supported by the detection of the Table 1 ) instead of benzil, the same other reaction components and conditions as above were used in this multicomponent reaction with carbohydrate amines 1a and 1b. In both cases, both possible 4-phenyl and 5-phenyl gluco derivatives 6a and 7a, and galacto derivatives 6b and 7b were isolated. Less sterically hindered 1,4-disubstituted imidazoles 6a and 6b were the major products, significantly prevailing over 1,5-disubstituted imidazoles 7a and 7b. Thus, again with carbohydrate amines 1a and 1b, the respective 1-glycosylmethyl-1H-imidazoles 8a and 8b were isolated in 41% and 45% yields. Moreover, among all the glycosylmethylated imidazoles obtained here, compounds 8a and 8b most closely mimic normal disaccharides and are promising candidates to modulate activity of sugar processing enzymes. The other glycosylated imidazoles known from the literature contain glycosyl moieties linked directly to the nitrogen or carbon atoms of the imidazole ring and mimic nucleosides rather than disaccharides. 23 5f, 49%
b major product, in addition to the minor 7a. c minor product, in addition to the major 6a.
d major product, in addition to the minor 7b. e minor product, in addition to the major 6b.
The structures of all 1-glycosylmethylated imidazoles were proved by their characteristic for the respective 1-monosubstituted imidazoles 8a and 8b. The apparent reason for the similar behaviour of the first two and the second two groups of imidazoles is crossconjugation. While the (C-2)=(N-3) double bond in imidazoles 5a-5f, 7a and 7b is normally conjugated via the (C-4)=(C-5) double bond with their 5-phenyl group, at the same time it is only cross-conjugated with their 4-phenyl group in imidazoles 6a and 6b or without any interaction with no substituent in position 4 of imidazoles 8a and 8b.
The distinction of the mono-phenylated imidazoles was done using classic The mechanism of the multicomponent synthesis of trisubstituted and tetrasubstituted imidazoles catalyzed by InCl 3 has been proposed in two different respective versions. 24 However, the plausible mechanism of this multicomponent synthesis of imidazoles should be universal and encompassing all its peculiarities. Therefore, the specification of the mechanism postulated here was first examined for the multicomponent reaction with phenylglyoxal (Scheme 1). Indeed, the most nucleophilic secondary amino group of the intermediary adduct of C-glycosyl methylamine and ammonia to formaldehyde, preferentially should attack the most activated, aldehydic carbonyl of phenylglyoxal, leaving the remaining two counter reaction centres to close the next intermediate, imidazolidine ring. The subsequent aromatization acompanied with 3,4-and 2,5-eliminations of two molecules of water stabilizes the reaction product, the structure of which is in accordance with the observed prevalence of the 1,4-disubstituted imidazoles 6a and 6b over 1,5-disubstituted imidazoles 7a and 7b. The results obtained in this study also allowed postulating the general addition-elimination mechanism of the multicomponent synthesis of imidazoles (Scheme 2). Thus, the mechanism proposed here is plausible for the synthesis of unsubstituted up to tetrasubstituted imidazoles. Imidazoles 5a-8a, each of them containing both -D-glucopyranosyl and aromatic moieties, linked together by the methylene group, were tested for inhibition of rabbit muscle glycogen phosphorylase (RMGP) b. Compounds 5a, 6a, and 8a did not inhibit the enzyme up to 625 µM concentration, while 7a showed weak inhibition characterized by an IC 50 = 125 µM value (calculated K i = 68 μM). Taking into account previous observations and structureactivity relationships of RMGP b inhibitors, 40, 41, 42 it is thought that the presence of the tetrahedral centre between the sugar and the aglycon may be responsible for the weak effect. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   7 This moiety may lend the molecules high flexibility resulting in considerable loss of entropy upon binding.
Conclusion
In summary, this study has extended a one pot, multicomponent synthesis of aromatically trisubstituted and tetrasubstituted imidazoles catalyzed by InCl 3 to the preparation of 1-glycosylmethylated imidazoles as a novel group of carbohydrate mimetics. The largely nonaromatic character of the reaction components results in moderate yields of the target compounds, which may be on account of the competitive, non-aromatic side products, as indicated by the HRMS analysis of reaction mixtures. 
Experimental

General information
Enzyme assay
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1-(2,6-Anhydro-7-deoxy-L-glycero-L-galacto-heptitol-7-yl)-4,5-diphenylimidazole (1--
